Background-There is an ongoing controversy regarding the safety and effectiveness of metformin in the setting of heart failure (HF). Therefore, we undertook a systematic review of the trial and nontrial evidence for metformin in patients with diabetes mellitus and HF. Methods and Results-We conducted a comprehensive search for controlled studies, evaluating the association between metformin and morbidity and mortality in people with diabetes mellitus and HF. Two reviewers independently identified citations, extracted data, and evaluated quality. Risk estimates were abstracted and pooled where appropriate. As measures of overall safety, we examined all-cause mortality and all-cause hospitalizations. Nine cohort studies were included; no randomized controlled trials were identified. Most (5 of 9) studies were published in 2010 and were of good quality. Metformin was associated with reduced mortality compared with controls (mostly sulfonylurea therapy): 23% versus 37% (pooled adjusted risk estimates: 0.80; 0.74-0.87; I 2 =15%; P<0.001). No increased risk was observed for metformin in those with reduced left ventricular ejection fraction (mortality pooled adjusted risk estimate: 0.91; 0.72-1.14; I 2 =0%; P=0.34), nor in those with HF and chronic kidney disease (pooled adjusted risk estimate: 0.81; 0.64-1.02; P=0.08).
H eart failure (HF) is a serious and common comorbidity in patients with type 2 diabetes mellitus. It is the fastest growing of all the cardiovascular diagnoses, and patients with diabetes mellitus are at high risk, with incidence rates 2 to 5 times greater than those in the general population. 1, 2 Morbidity and mortality rates remain particularly high (20%-30% within 1 year) and are substantially higher in patients with diabetes mellitus and HF compared with either condition alone. 3, 4 
clinical perspective on p 402
There is increasing attention to the potential role of hyperglycemia, and its management, in HF. Although the risk of HF substantially increases with elevations in A1c, 2,5 the impact of hyperglycemia in those with diabetes mellitus and established HF is less clear. 6 There is still a large degree of uncertainty in the best management approach for glycemic control in those with comorbid diabetes mellitus and HF. 7 This is likely due to the fact that patients with HF have been generally excluded from the trials of glucose lowering therapies; thus, reliance on clinical experience and observational evidence is required to judge the safety and effectiveness of antihyperglycemia drugs in patients with concomitant HF. 8 Historically, metformin had been considered absolutely contraindicated in patients with HF attributable to concerns about lactic acidosis. 9 However, both the US Food and Drug Administration (2006) and Health Canada (2010) have removed the absolute HF contraindication from metformin (although strong warnings persist) 9, 10 in response to observational studies and clinical experience, suggesting that the risk of metformin-associated lactic acidosis is minimal and similar to that of other diabetes mellitus drugs. 11, 12 Despite a continued warning for its use in patients with HF, some clinical practice guidelines recommend metformin as first-line therapy in patients with diabetes mellitus and HF, including Canadian and American Diabetes Association Clinical Practice guidelines and the recent European Society of Cardiology guidelines for the treatment of HF. [13] [14] [15] To our knowledge, it has been at least 5 years since the data with respect to metformin has been systematically reviewed. Therefore, we undertook a systematic review and meta-analysis of the use of metformin in patients with diabetes mellitus and HF. We examined randomized and nonrandomized data, and considered comparative safety and effectiveness with other antidiabetic agents. Furthermore, we examined 2 important subpopulations: those with reduced left ventricular ejection fraction (LVEF) and those with concomitant chronic kidney disease.
Methods

Objectives
We evaluated the relationship between metformin treatment and morbidity and mortality in people with HF and diabetes mellitus. Our main outcome was all-cause mortality and secondary outcomes were all-cause hospitalization and HF-specific morbidity and mortality. In addition, because chronic kidney disease is a common comorbidity in patents with diabetes mellitus and HF, 16 we further explored the potential role of metformin in patients with diabetes mellitus and HF with compromised kidney function. Although it was not registered, the protocol for this study was developed according to Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. 17
Search Strategy
We used a comprehensive search strategy, based on earlier work, 7 until April 2012 of various electronic databases (Health Star , EMBASE ), manually searched reference lists, and contacted experts to identify all controlled studies of metformin in patients with diabetes mellitus and HF. 7 The searches were not restricted by study design but were restricted to English language.
Inclusion criteria and Data Abstraction
Two reviewers (D.L.W. and S.E.V.) independently identified citations and included them if they described original research, included subjects with both diabetes mellitus and HF, evaluated the effect of metformin on hospital admission (all-cause or HF-specific) or mortality, and included a contemporaneous control group for comparison. Any discrepancies were resolved by consensus after review by a third investigator (D.T.E.). All data were extracted independently by 2 reviewers (D.L.W. and D.T.E.) and independently assessed for methodological quality using the validated Downs and Black checklist (D.T.E. and D.L.W.). A score of ≥12 was considered as acceptable quality as we, and others, have done previously. 7, 18, 19 
Statistical Analysis
To summarize the effects of metformin on mortality or hospitalizations, we abstracted the crude data and the adjusted risk estimates and 95% confidence intervals from each study. For studies with insufficient information, we contacted the primary study authors to acquire and verify data where possible. 20 Because we expected heterogeneity between the studies, we pooled adjusted risk estimates across studies using random effects models with inverse variance weighting as recommended in the Cochrane handbook 21 ; heterogeneity was assessed using the I 2 statistic, with an I 2 statistic >50% being considered as moderate heterogeneity. There was not an a priori degree of heterogeneity that precluded pooling. Only 2 studies evaluated metformin as a monotherapy 12, 22 ; the remainder evaluated metformin as monotherapy or metformin in combination with other oral antidiabetic agents. 11, 20, [23] [24] [25] [26] [27] For studies evaluating end points at multiple time points, short-term mortality (1 or 2 years) was used when possible for the pooling of the results because the majority of studies evaluated short-term outcomes, although additional sensitivity analyses were also conducted to evaluate the effect of metformin on longer-term outcomes (>2 years).
In addition to the overall effect of metformin, we a priori evaluated the safety and effectiveness of metformin in 2 high-risk subgroups: those patients with diabetes mellitus and reduced LVEF and in those with chronic kidney disease, where possible. We used the definitions that were used by the primary authors to categorize patients according to LVEF and renal function. Additional analyses were conducted where studies with comparator groups, that included thiazolidinediones, were removed because they are associated with poor outcomes in HF. 20, 24, 26 Two separate subgroup analyses were also conducted according to insulin use. First, studies with comparator groups that included insulin were removed 11, 20, 23, 24, 26 because insulin may be viewed as a marker of an advanced disease state. Second, we specifically restricted our analyses to only those studies that included insulin in the metformin or control groups 11, 20, [22] [23] [24] 26, 27 to evaluate effects of metformin in those with presumably more severe diabetes mellitus. In addition, studies evaluating metformin monotherapy groups 12, 22 were analyzed separately from studies specifically evaluating metformin combination therapy groups. 11, [23] [24] [25] Finally, we specifically evaluated the rates of lactic acidosis reported among patients using metformin compared with those who do not use metformin in the studies. All analyses were conducted using Cochrane Review Manager 5.0. 21
Results
Among 12 994 citations, 9 observational studies were included in the review (Figure 1 ). No randomized controlled trials of the use of metformin in patients with diabetes mellitus and HF were identified, although 1 trial protocol for an abandoned (attributable to futility) trial was found (Patients With Heart Failure and Type-2 Diabetes Treated With Placebo or Metformin Study [PHANTOM]) and 2 ongoing pilot trials were identified. Interobserver agreement for study inclusion was high with k=0.90.
Among the 9 studies, 34 504 patients with diabetes mellitus and HF were included, with 6624 patients (19%) using metformin. The majority of studies evaluated the use of metformin in combination with other oral agents or insulin (Table) . 11, 20, [22] [23] [24] [25] [26] Two studies specifically evaluated the use of metformin as monotherapy. 12, 27 In 3 of the studies, the active comparator was sulfonylurea monotherapy (n=4605); 1 study used a comparison group that received no active diabetes mellitus medications (diabetes mellitus was managed with diet and lifestyle, n=1306); 2 studies used a comparison group consisting of sulfonylureas, nonsulfonylurea secretagogues, α-glucosidase inhibitors, and insulin (n=14 253); and the remaining 3 studies had comparator groups composed of all available therapies, including thiazolidinediones and insulin (n=7716). Overall, sulfonylurea therapy was the most common agent used in the comparator group in the 9 studies. No study included newer incretin-based therapies in the comparator group. Overall study quality was acceptable with methodological scores ranging from 14 (44%) to 19 (59%); median score was 17 (53%) (see the online-only Data Supplement).
Patients included in the cohorts were selected from a wide range of settings, including clinical registries, hospital discharges, and community and primary care settings. There were no sex limitations in any of the studies; the average age of cohort patients ranged from 56 to 78 years of age, and patients with preserved or reduced LVEF were included. All of the studies included demographics, comorbidities, and other related drug therapies. The majority of studies (7 of 9) also included additional laboratory or clinical information related to diabetes mellitus, including blood glucose levels, 11, 20, 22, 23, 25 body mass index, 20, 22, 25, 26 and estimated renal function. 11, 20, [22] [23] [24] [25] [26] Four studies also contained additional HF-specific information (ie, New York Heart Association Functional Class or LVEF). 11, 20, 23, 24 Two studies were typical administrative analyses with no additional laboratory or clinical information. 25, 27 
Mortality
All studies evaluated the effect of metformin on all-cause mortality; 3 evaluated the effect of metformin on mortality at multiple time points. Five studies evaluated 1-year mortality, 11,12,23-25 3 evaluated 2-year mortality, 20, 24, 26 and 4 studies evaluated longer-term mortality that is >4 years of follow-up (Table) . 12, 22, 25, 27 Overall, 1497 of 6624 metformin users (23%) died compared with 10 221 of 27 880 (37%) in the control group (pooled unadjusted risk estimate: 0.69; 0.61-0.79; I 2 =87%; P<0.001; Figure 2 ). All studies suggested reduced risk of allcause mortality with metformin-based regimens, although 2 did not reach statistical significance ( Figure 3 ).
After pooling of the adjusted risk estimates, metforminbased regimens were associated with a statistically significant 20% relative reduction in all-cause mortality compared with other treatments (pooled adjusted risk estimate: 0.80; 0.74-0.87; I 2 =15%; P<0.001; Figure 3 ). Removal of the 2 administrative database studies (that could not adjust for additional clinical factors, such as HbA1C and body mass index) from the pooled analysis did not materially alter the results (22% versus 34% mortality; pooled adjusted risk estimate 0.79; 0.71-0.87; I 2 =24%; P<0.001). Further subgroup analysis in the 7 studies that evaluated only 1-and 2-year mortality resulted in similar results (20% versus 33%; pooled adjusted risk estimate: 0.80; 0.73-0.88; I 2 =12%; P<0.001), as did analyses among the 4 studies that evaluated the effect of metformin on longer-term (>4 years) mortality (38% versus 59%; pooled risk estimate: 0.74; 0.64-0.86; I 2 =39%; P<0.001). Only 1 study evaluated cardiovascular-related mortality with results similar to that observed for all-cause mortality (10% versus 15%; adjusted risk estimate: 0.80; 0.61-1.04). 26 In additional subgroup analyses for all-cause mortality, removal of studies that included thiazolidinediones in the active comparator group resulted in similar findings (30% versus 43%; pooled adjusted risk estimate: 0.82; 0.73-0.91; I 2 =29%; P<0.001), as did analyses excluding studies that included insulin in the comparator group (22% versus 41%; pooled adjusted risk estimate: 0.73; 0.61-0.88; I 2 =38%; P<0.001). Moreover, when adjusted risk estimates from studies including insulin in either the metformin or the control group were pooled 11, 20, [22] [23] [24] 26, 27 (our proxy for more severe diabetes mellitus), the mortality rate remained lower in metformintreated subjects (pooled adjusted risk estimate: 0.83; 0.77-0.90; I 2 =26%; P<0.001). Metformin was also associated with reduced all-cause mortality in analyses restricted to the 2 studies where metformin was used as monotherapy 12, 22 (32% versus 45%; pooled adjusted risk estimate: 0.6; 0.52-0.83; I 2 =0%; P<0.001) and in studies where metformin was specifically evaluated as combination therapy 11,23-25 (28% versus 37%; pooled adjusted risk estimate: 0.86; 0.78-0.96; I 2 =0%; P<0.001).
Reduced LVEF
Only 2 studies specifically evaluated metformin in patients with reduced LVEF. In a subgroup of patients with LVEF of <30%, Masoudi et al 11 did not observe any increased mortality associated with metformin compared with nonmetformin-based therapies (adjusted risk estimate: 0.91; 0.72-1.14; P=0.8 for interaction between metformin treatment and left ventricular systolic function on mortality). Similarly, in a study of patients with advanced systolic HF (defined as having a LVEF <40%, 87% of the cohort were in New York Heart Association classes III or IV), metformin-based regimens were associated with a nonsignificant trend for improved survival compared with nonmetformin treatment (adjusted risk estimate: 0.63; 0.21-1.89; P=0.40). 24 Using the primary author-defined groups for reduced LVEF, pooled analysis indicates that metformin was not associated with benefit or increased risk in patients with reduced LVEF and diabetes mellitus (pooled adjusted risk estimate: 0.90; 0.72-1.12; P=0.34; I 2 =0%). 
chronic Kidney Disease
With the exception of the 2 administrative database studies, 12, 27 all studies adjusted for the potential confounding effects of renal impairment (eg, estimated glomerular filtration rate, stage of kidney disease, or creatinine levels). Among the studies, metformin-based regimens were used in patients with all levels of renal impairment, although the majority of patients had normal renal function. However, only 2 studies undertook specific subgroup analyses in patients with renal impairment. In a retrospective cohort study of Medicare beneficiaries, Masoudi et al 11 
Lactic Acidosis
The occurrence of lactic acidosis was low in the 3 studies that specifically evaluated this end point, and no difference between metformin-based regimens and other treatments were observed. Andersson et al 27 any cases of lactic or metabolic acidosis, and Masoudi et al 11 observed similar rates of readmission for metabolic acidosis for patients receiving metformin (2.3%) and other treatments (2.6%; P=0.40).
Discussion
Diabetes mellitus and HF places a tremendous burden on patients and the healthcare system. Indeed, our systematic review indicates that 27% of patients with both conditions died within 2 years and 37% died over longer-term follow-up with rates of hospitalization 2-fold higher. Patients included in the studies were from diverse settings with a wide range of disease severity; however, all the 9 identified studies were observational because of a paucity of randomized controlled trials evaluating metformin versus other glucose lowering agents in these patients. Overall, metformin was associated with improved clinical outcomes compared with other agents in the setting of diabetes mellitus and HF. Our review provides the best available evidence to suggest that metformin is at least as safe as other glucose lowering therapies in patients with diabetes mellitus and HF. Although concerns have been raised about the safety and effectiveness of metformin in patients with HF, 24 it is used commonly in clinical practice. Overall, metformin-based regimens accounted for 20% of all therapies used for glycemic control in patients with HF in these studies. From a safety perspective, our data support the recent actions by regulatory bodies in the United States and Canada who have removed the black box contraindication for the use of the metformin in patients with diabetes mellitus and HF. We did not find any safety signals with respect to either all-cause hospitalization or mortality. On the contrary, small reductions in all-cause or heart failure-specific hospitalizations were observed, as well as a statistically significant and clinically important 20% reduction in all-cause mortality in pooled analyses of risk adjusted data. In addition, no risk of lactic acidosis was observed with metformin therapy, consistent with a previous meta-analysis, where metformin therapy was not associated with increased risk of lactic acidosis compared with other antihyperglycemic treatments. 28 Our review also provides some insight into the management of patients with diabetes mellitus, HF, and kidney disease. Similar to HF, there have been historical concerns with using metformin in patients with reduced renal function, despite almost no supporting evidence. 29 Within the studies we examined, metformin users, on average, had slightly higher estimated renal function compared with those using nonmetformin-based regimens. However, ≈10% of metformin users had moderate to severe renal impairment in the studies. The 2 studies that specifically evaluated metformin in subgroups with renal impairment 11, 20 reported associations with reduced all-cause mortality that were similar to the overall metformin results. Indeed, in pooled analyses, metformin was associated with a nearly identical 19% proportional reduction in mortality in patients with moderate to severe renal dysfunction, although this failed to reach statistical significance likely due to the reduced sample size for these analyses. Nevertheless, metformin was not associated with increased harm in this perceived higher-risk subgroup.
It is important to consider that all the available evidence for the use of metformin in patients with HF comes from observational data. Although observational data are often preferred to randomized controlled trials when evaluating safety, particularly when events rates are low, randomized trials are still the highest level of evidence for efficacy. Although the observed associations may represent a true beneficial effect of metformin in this population, unmeasured confounding may also partially or fully explain our study findings. The large reduction in mortality without proportional reductions in hospitalizations may be related to unmeasured confounding within the studies included in our review. Moreover, even though our results are consistent with the overall findings of the United Kingdom Prospective Diabetes Study (UKPDS), where metformin was associated with a reduction in macrovascular events in overweight patients, 30 2 recent meta-analyses of randomized controlled trials did not show significant benefits of metformin in the broader population of patients with diabetes mellitus. 31, 32 Importantly, patients with HF were excluded in these randomized controlled trials, and the populations evaluated were at low risk of mortality compared with our review. That being said, several studies in animal models with HF suggest multiple potential benefits of metformin. Metformin has been shown to improve cardiac function through attenuation of oxidative stress-induced cardiomyocyte apoptosis, improved insulin resistance, and left ventricular end diastolic pressure, and prevent the progression of HF in canine models. 33 Metformin also seems to enhance cardiac structure, function, and improve survival in murine models with ischemic heart disease through activation of adenosine monophosphate-activated protein kinase. 34 In addition, metformin has been shown to attenuate left ventricular remodeling, as well as improve cardiac mechanical efficiency and systolic and diastolic indices in insulin resistant rats. 35 Again, whether any of these observed mechanisms occur in humans is less clear.
Although we conducted an exhaustive search for literature and conducted our systematic review in accordance to the highest reporting standards, our review is not without limitations. First, studies showing limited or negative associations between metformin use and mortality may not have been identified because of publication bias. Moreover, studies that only evaluated metformin in sensitivity or subgroup analyses in patients with HF may not have been easily identified. However, a funnel plot of the included studies did not suggest publication bias (plot available on request), and we manually searched reference lists and contacted experts in the field as to the possibility of additional literature with none being identified. Second, although many of these studies conducted rigorous risk adjustment, unmeasured confounding may still explain our study findings because none of the included studies were randomized controlled trials. Third, our approach yielded the comparative safety of metformin in this population related to other antidiabetic agents; it could be that metformin is safe and mortality neutral, and it is the active comparators that are associated with increased mortality. However, in the study to evaluate metformin compared with lifestyle therapy alone, metformin was associated with mortality reductions similar to our pooled results. 22 
conclusions
The prevalence of diabetes mellitus in patients with HF is high and continues to rise. However, large-scale randomized trial evidence is unlikely to be forthcoming. Patients with HF have generally been excluded from the randomized controlled trials evaluating metformin against other agents, and we are aware of only 3 small pilot randomized trials evaluating the impact of metformin on clinical outcomes in patients with HF (1 of which was terminated because of lack of feasibility). 36 The totality of available evidence indicates that, compared with other treatments, metformin is a safe option for glycemic control in patients with HF. This supports current Canadian and American Diabetes Association Clinical Practice guidelines, as well as those of the European Cardiology Society, which list metformin as a viable option in patients with diabetes mellitus and HF. [13] [14] [15] Heart failure (HF) is a serious and common comorbidity in patients with diabetes mellitus associated with major morbidity and mortality. There is still a large degree of uncertainty related to the most appropriate method for glycemic control in patients with comorbid diabetes mellitus and HF. Historically, metformin has been considered inappropriate in this patient population attributable to concerns over lactic acidosis. Increasing evidence suggests, however, that metformin may be a safe option in patients with HF. In our systematic review evaluating the association between metformin and morbidity and mortality in patients with diabetes mellitus and HF, 9 observational studies were identified. Compared with controls (who were predominantly managed with sulfonylurea therapy), pooled adjusted risk estimates indicated that metformin use was associated with a 20% lower mortality rate. Moreover, no increased risk of mortality was observed in those with reduced left ventricular ejection fraction or chronic kidney disease in those treated with metformin. With respect to overall safety, no increased risk of hospitalization or lactic acidosis was observed in metformin-treated subjects. It is important to consider that all available evidence for the use of metformin in patients with HF comes from observational data. Thus, unmeasured confounding may partially or fully explain our study findings. Until randomized controlled trial evidence is generated, our review supports the current recommendations set by major diabetes mellitus and cardiology clinical practice guidelines, endorsing the use of metformin in patients with diabetes mellitus and HF. cLINIcAL pERSpEcTIVE
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